Objective. Report a case of intravascular contrast injection during lumbar discography.
Introduction
L umbar discography was first described in 1948 for the diagnosis of herniated lumbar intervetebral discs [1] . With the arrival of advanced imaging technology, including CT and MRI, the original intended use quickly faded and a new use emerged. Since radiographic disk abnormalities are common in people without back pain [2] , lumbar discography is now used to direct surgical intervention when suspected discogenic pain is refractory to conservative treatments. The primary advantage of discography over advanced imaging studies is the subjective input from the patient regarding the location and reproduction of their typical pain during provocation, in addition to detailed objective information regarding intervertebral disk anatomy. The static, prone positioning of a patient during advanced imaging may provide similar anatomic detail, however, does not provide input regarding the source of their typical pain. Current controversies regarding the accuracy of such provocation testing during discography are reviewed elsewhere [3] .
The most common complication of lumbar discography is transient increase in pain [4] . Less common but more serious complications include discitis, abscess formation, and acute disk herniation [5] [6] [7] . A case of a nucleus pulposus embolus has also been reported following discography [8] . Since intervertebral discs are largely avascular, it is no surprise that vascular complications from discography are rare. There is one report of hematoma formation adjacent to the carotid sheath following cervical discography [9] . Otherwise, we were unable to find other reports of vascular complication related to this procedure. Here, we report a case of intravascular contrast flow during lumbar discography.
Case Description
A 40-year-old woman presented to the University neurosurgery clinic with persistent, severe low back pain for 6 months, preceded by 6 years of episodic pain. Her MRI showed disk desiccation and narrowing with a small right paracentral protrusion at L5-S1. She had failed to respond to multiple conservative treatments including physical therapy, anti-inflammatory medications, osteopathic manipulation, and fluoroscopic-guided bilateral L5-S1 zygapophyseal joint blocks. The neurosurgeon requested that the patient undergo discography to evaluate the L5-S1 disk's role as a primary pain generator.
Discography was performed at L4-5 and L5-S1. The L4-5 disk was selected as a control due to its normal appearance on MRI, and proximity to the degenerative L5-S1 disk. A 22G 6″ quinke point spinal needle was inserted to the central nucleus of each disk by a left posterolateral approach. Testing was performed with pressure manometry (Monarch Inflation Syringe, Merit Medical Systems, South Jordan, UT), and began at the L4-5 disk. The first blush of contrast into the disk (opening pressure) occurred at 12 psi. From here the pressure slowly and steadily increased with contrast injection in a manner typical of a normal disk.
Intermittent fluoroscopy was used to monitor the contrast dispersal pattern. Next, injection at L5-S1 demonstrated a severely degenerative nucleogram and reproduced the patient's usual low back pain in location and character. Throughout the discography, the patient did not complain of shortness of breath, focal weakness, parathesias, or other focal neurological deficits. The patient spent 45 minutes in recovery following the procedure, and continued to do well. Examination prior to discharge confirmed this, and she was discharged home in stable condition. Three months later, she underwent an L5-S1 posterolateral fusion with a left iliac crest bone graft and subsequently experienced good relief of her low back pain.
Discussion
The healthy intervertebral disk is largely avascular and receives nutrition from two sources. First, branches of the periosteal arteries create metaphyseal anastamoses that perfuse the superficial portions of the annulus fibrosus [10] . Otherwise, there is no direct blood supply to the disk. Therefore, the majority of the disk receives nutrients by the second method: diffusion from the adjacent vertebral end plates via small arteries in marrow contact channels [11] . Venous drainage from here and the remainder of the vertebral body connects to the basivertebral veins, then to the intervertebral veins, before draining into the general venous circulation. An indirect correlation has been noted between a reduction in the number and caliber of endplate marrow contact channels and disk degeneration [12] .
Given this anatomy, vascular contrast flow should not occur during discography, especially when the needle tip is located at the center of the nucleus pulposus. So how did this occur? The exact origin of the venogram could not be determined by fluoroscopy at the time of the injection, so we can only theorize. Following acute injury, or as a result of degenerative changes, neovascularization of intervertebral discs has been observed [12, 13] . A study of surgically obtained frozen sections showed the presence of endothelial cells in both protruded and extruded disk material [14] . Another study examining sections obtained from patients that underwent anterior fusions for discogenic pain demonstrated microvessel formation in the nucleus pulposus of nonherniated discs [15] . These vascular channels provide an important conduit for macrophage migration [14] and subsequent resorption of herniated disk fragments [16] . Since the patient presented in this report had a history of degenerative disk disease, it is possible that neovascularization of the disk was involved in the observed vascular uptake.
However, there are a number of problems with this theory. First, this vascular uptake was seen in an asymptomatic control disk without the degenerative changes expected for diffuse neovascularization of the nucleus pulposus to occur. Second, the final image presented above (Figure 3 ) was obtained following anterior and superior repositioning of spinal needle. Given the exact reproduction of the initial vascular flow pattern following repositioning, it is unlikely that the injected contrast entered the circulation via microvessels found within a degenerative nucleus pulposus. An alternative explanation is that during introduction of the spinal needle into the intervertebral disk, a vein confined by annular lamellae was ruptured and may have provided the path of least resistance for contrast injected into the disk.
Other potential routes for vascular contrast spread during discography exist, and are described in a handful of case reports. The first involves the venous sinusoidal vessels and describes the presence of nucleus pulposus pulmonary emoboli on post mortem examination following a severe anaphylactic reaction during lumbar discography [8] . During the anaphylactic reaction the patient suffered from violent tonic-clonic seizures involving her lower extremities and back. Microscopic examination of the intervertebral discs demonstrated extrusion of the nucleus pulposus down to the vertebral marrow. The authors hypothesized that the disk material was able to enter the patient's venous circulation via the venous sinusoidal vessels from gross and microscopic fractures of the vertebral endplates that occurred during the tonic-clonic seizures.
Reports of fibrocartilaginous emboli resulting in spinal cord injuries [17] [18] [19] [20] provide the second group of cases that demonstrate a potential mechanism for vascular contrast spread during discography. The first of these cases dates back to 1961 [20] . In each of these cases, patients between 14-16 years of age were performing innocuous flexion or extension movement of the neck or back when they experienced sudden onset of myelopathy. The exact mechanism behind these spinal cord injuries is unknown, but many have been suggested. In one of these cases, an MRI performed 5 months after onset of myelopathy demonstrated T11-12 intervertebral disk desiccation, multiple Schmorl's nodes, and intraspongious disk prolapse into the T12 vertebral body [18] . It was hypothesized that the nucleus pulposus may have herniated into the vertebral marrow via endplate damage such as a Schmorl node, and from there migrated into a previously damaged radicular artery causing occlusion and spinal cord infarction [18] . Other theories include: nucleus pulposus entering a venous sinusoidal vessel then traveling through a spinal arteriovenous malformation to occlude a spinal artery [17] , and disk material entering the circulation via neovascularization of the disk [17] .
Each of these reports demonstrates a potential avenue for venous contrast uptake during discography. It is not clear which of these mechanisms were involved in the patient presented here and the patient suffered no known morbidity related to this complication. Regardless of the cause, additional increases in intradiscal pressure should be avoided if vascular flow is observed during discography in order to avoid potential morbidity associated with intravascular expulsion of nucleus pulposis.
Conclusion
Inadvertent intravascular injection can occur during lumbar discography even when the needle tip is ideally placed in the center of the nucleus pulposus.
